CHAPTER 1
| NTRODUCTI ON AND PROCESS CAPABI LI TI ES

1.1 Purpose

The purpose of this manual is to provide criteria and
supporting information for planning and process design of
| and treatnent systens. Recommended procedures for planning
and design are presented along wth state-of-the-art
information on treatnent perfornmance, energy considerations,
and health and environnental effects.

Cost curves are not included in this manual, although sone
cost information is included in Chapter 2. Costs for
pl anni ng may be obtained fromcost curves in references [1

2] , or through the CAPDET conputer system devel oped by the
Corps of Engineers for EPA.  CAPDET conputer termnals are
avai l abl e in EPA regional offices.

This docunent is a revision of the Process Desi gn Manual for
Land Treatnment of Munici pal WAst ewater sponsored by the U S
Environmental Protection Agency, U.S. Army Corps of
Engi neers, and U S. Departnent of Agriculture, and published
in 1977. The revision is necessary because of the |arge
anount of research data, criteria, and operating experience
that has becone available in recent years. As a result of PL
92-500 and PL 95-217, the interest in and use of |[|and
treatnent concepts has increased significantly and 1is
expected to continue to increase.

1.2 Scope

Land treatnent is defined as the controlled application of
wast ewater onto the |and surface to achi eve a desi gned degree
of treatnment through natural physical, chemcal, and
bi ol ogi cal processes within the plant-soil-water matri x.

The scope of this manual is limted to the three major |and
treat nent processes:

I Slow rate (SR
! Rapid infiltration (Rl)
1 Overland fl ow (OF)
These processes are defined later in this chapter and dis-

cussed in detail in the design chapters. The titles were
adopted for the original 1977 manual to reflect the rate of
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wast ewat er application and the flow path within the process.
Prior to the 1977 manual, the term “irrigation” was often
used to describe the slow rate process. The present termwas
chosen to focus attention on wastewater treatnent rather than
on irrigation of crops.

Subsurface systens, wetlands, and aquaculture were di scussed
briefly in the 1977 manual but are deleted here since they
are now covered in detail in other docunents [3, 4]. Land
application of sludge, injection wells, evaporation ponds,
and other fornms of treatnent or disposal that involve the
soil matrix are al so excl uded.

Most of the information in this manual is applicable to
medi umto-large systens. For small systens, up to 1,000 n¥/d
(250,000 gal/d), many of the design procedures can be
sinplified. Special considerations for these small systens
and a nunber of typical exanples are discussed in Chapter 7.
Case studies for larger systens are available in other
publications [5-9] . This nmanual addresses |and treatnent of
muni ci pal wastewater, not industrial wastes. Under
controlled conditions, however, |and treatnent of nany types
of industrial wastewaters and even hazardous materials can be
both technically and econom cally feasible.

Al though the principal focus in the manual is on the three
basi ¢ processes (SR, R, OF), the possibility of conbining
two or nore of the concepts in a continuous system shoul d not
be overl ooked. Overland flow could be a preapplication step
for either SRor R, or different processes could be used in
cold and war m weat her.

1.3 Treatnent Processes

Typical design features for the three l|and treatnent
processes are conpared in Table 1-1. The major site charac-
teristics are conpared for each process in Table 1-2. These
are desirable characteristics and not limts to be adhered to
rigorously, as discussed in Chapter 2.

The expected quality of treated water for biochem cal oxygen
demand (BOD), suspended solids (SS), nitrogen, phosphorus,
and fecal coliforns is presented for each process in Table 1-
3. The average and expected upper range values are valid for
the travel distances and applied wastewater as indicated.
The fate of these materials (plus netals, viruses, and trace
organics) is discussed in the chapters that follow
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TABLE | - |

COMPARI SON OF TYPI CAL DESI GN FEATURES
FOR LAND TREATMENT PROCESSES

Feature

Slow rate

Rapid infiltration

Overland flow

Appl i cation techniques

Annual | oadi ng

rate, m

Field area

required, ha®

Typi cal weekly
loading rate, cm

M ni mum pr esopl i cation
treatnent provided in
the United States

Di sposition of

appl i ed wast ewat er

Need for vegetation

Spri nkl er
or surface?
0.5-6
23-280
1.3-10

Primary

sedi nentation d

Evapot ranspi rati on
and percol ation

Requi red

Usual Iy surface
6125

3-23

10240

Primary
sedi nent ati one

Mai nl'y
percol ati on

Opt i onal

Sprinkl er or
surface

320
6.5-44
6- 40°

Git renoval and
commi nut i one

Sur face runoff and
evapot ranspi ration
with some

percol ati on

Requi red

a. I ncl udes ridge—and—furrow and border strip.

b. Field area in hectares not
Myal /d) flow

C. Range i ncl udes raw wastewater to secondary effluent,
of preapplication treatnent.

d. Wth restricted public access;

3,785 n¥/d (I

I evel

Wth restricted public access.

including buffer area,

r oads,

or ditches for
hi gher rates for higher

crops not for direct human consunpti on,

Not e: See Appendix G for netric conversions.
TABLE 1-2
COVPARI SON OF SI TE CHARACTERI STI CS
FOR LAND TREATMENT PROCESSES

Slow rate Rapid infiltration Overland flow
G ade Less than 20% on Not critical; excessive Fi ni sh sl opes 2-8%

cultivated | and; grades require nuch

| ees than 40% on eart hwor k

noncul tivated | and
Soi | Mbderately slow to Rapi d (sands, sandy | oans) Slow (clays, silts,

perneability

Depth to
ground wat er
dimtic
restrictions

noderately rapid
0.6 m (nini num®

Storage often
needed for cold

weat her and during
heavy precipitation

1 mduring flood cycle®
1.5-3 mduring drying cycle
None (possibly nodify
operation in cold weat her)

and soils with
i nper meabl e barriers)
Not critical®

Storage usual | y needed
for cold weat her

a. St eeper grades night be feasible at

b. Underdrains can be used to maintain this |evel

wat er tabl e.

C. I npact on ground water should be considered for nore perneabl e soils.

reduced hydraulic |oadings.

1-3

at sites with high ground



TABLE 1-3
EXPECTED QUALI TY OF TREATED WATER
FROM LAND TREATMENT PROCESSES?
nmg/ L Unl ess O herw se Noted

Slow rate® Rapid infiltration® Overland flow

_ Upper Upper Upper

Const it uent Average range Average range Aver age range

BOD <2 <5 5 <10 10 <15
Suspended sol i ds <1 <5 2 <5 10 <20
Ammoni a nitrogen as N <0.5 <2 0.5 <2 <4 <8
Total nitrogen as N 3e <8. 10 <20 5¢ <10
Tot al phosphorus as p <0.1 <0.3 1 <5 4 <6
Feral coliforms, No./100 niL 0 <10 10 <200 200 <2, 000

a. Quality expected with loading rates at the mid to | ow end of the range
shown in Table 1.

b. Percol ation of primary or secondary effluent through 1.5 m (5 ft) of
unsaturated soil.

C. Percol ation of primary or secondary effluent through 4.5 m (15 ft) of
unsat urat ed soil; phosphorus and feral coliformrenovals increase with
di stance (see Tables 5-3 and 5-6).

d. Treating conm nuted, screened wastewater using a slope length of 3036 m
(100220 ft)

e. Concentration depends on | oading rate and crop.

f. N gher val ues expected when operating through a noderately cold w nter or when
usi ng secondary effluent at high rates.

1.4 Slow Rate Process

Slow rate land treatnment is the application of wastewater to
a vegetated land surface with the applied wastewater being
treated as it flows through the plant-soil matrix. A portion
of the flow percolates to the ground water and sone is used
by the vegetation. Ofsite surface runoff of the applied
water is generally avoided in design. Schematic views of the
typical hydraulic pathways for SR treatnment are shown in
Figure I-1(a)(b)(c). Surface application techniques include
ri dge-and-furrow and border strip flooding. Application by
sprinklers can be fromfixed risers or fromnoving systens,
such as center pivots.

1.4.1 Process (bjectives

Slow rate processes can be operated to achi eve a nunber of
obj ectives incl uding:

1. Treat nent of applied wastewater

2. Econom c return fromuse of water and nutrients to
produce marketable crops (irrigation)
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APPLIED EVAPOTYRANSPIRATION
WASTEWATER

PERCOLATION

“(a) APPLICATION PATHWAY

UNDERDRAINS

(b) RECOVERY PATHWAYS

(c) SUBSURFACE PATHWAY

FIGURE 1-1
SLOW RATE HYDRAULIC PATHWAYS
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3. Water conservation, by replacing potable water with
treated effluent, for irrigation

4. Preservation and enl argenent of greenbelts and open
space

Wen requirenments are very stringent for nitrogen,
phosphorus, BOD, 55, pathogens, netals, and trace organics,
they can be net usually with SRtreatnent. N trogen is often
the limting factor for SR design because of EPA drinking

water limts on ground water quality. In arid regions,
however, maintaining chlorides and total dissolved salts at
acceptable levels for crop production may be limting.

Managenent approaches to neet these objectives within the SR
process are discussed under the topics (1) wastewater
treatnment, (2) agricultural systens, (3) turf systens, and
(4) forest systens.

1.4.1.1 Wast ewat er Tr eat ment

When the primary objective of the SR process is treatnent,
the hydraulic loading is usually limted either by the hy-
draulic capacity of the soil or the nitrogen renoval capacity
of the soil-vegetation matri x. Underdrains are sonetines
needed for developnment of sites with high ground water
tabl es, or where perched water tables or inperneable | ayers
prevent deep percolation. Perennial grasses are often chosen
for the vegetation because of their high nitrogen uptake, a
| onger wastewater application season, and the avoi dance of
annual planting and cultivation. Corn and other crops with
hi gher market values are also grown on systens where
treatnment is the major objective. Miskegon, Mchigan [1011
is a noted exanple in the United States with over 2,000
hectares (5,000 acres) of corn under cultivation.

1.4.1.2 Agricul tural Systens

In the nore arid western portions of the United States, the
water itself (not the nutrient content) is the nost val uabl e
conponent of the wastewater. Crops are selected for their
maxi mum mar ket potential and the |east possible anmount of
wast ewat er needed for irrigation. Application rates between
2to8cnwk (0.8to 3.1 in./wk) are commopn. This is enough
water to satisfy crop needs, plus a | eaching requirenment to
mai ntain a desired salt balance in the root zone.

In the nore hum d east, the water conponent may be critica
at certain tinmes of the year and during extended drought
periods, but the nutrients in the wastewater are the nobst
val uabl e conponent. Systens are designed to pronote the
nutrient uptake by the crop and increase Yyields. At
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Muskegon, M chigan, for exanple, corn yields in 1977 were 6.5
n¥/ ha (75 bushel s per acre) conpared to 5.2 n¥/ ha (60 bushels
per acre) for the nonwastewater farmng in the sane area [ 10]

Regar dl ess of geographical |ocation, wastewater irrigation
can benefit crop production by providing nutrients and
noi st ur e.

1.4.1.3 Turf Systens

ol f courses, parks, and other turfed areas are used in many
parts of the United States for SR systens, thus conserving
pot abl e water supplies. These areas have consi derabl e public
access and this requires strict control of pathogenic
organi sms. This control can be achi eved by disinfection or
by natural processes in biological treatnent ponds or storage
ponds.

1.4.1. 4 Forest Systens

Slow rate forest systens exist in many states including
Oregon, Washington, M chigan, Maryland, Florida, GCeorgia,
Vernont, and New Hanpshire. In addition, experinental
systens in a variety of |locations are being studied
extensively to determne perm ssible | oading rates, responses
of various tree species, and environnental effects (see
Chapter 4).

Forests offer several advantages that nake them desirable
sites for land treatnent:

1. Forest soils often exhibit higher infiltration rates
than agricultural soils.

2. Site acquisition costs for forestland are usually
| ower than site acquisition costs for prine agri-
cul tural I and.

3. During cold weather, soil tenperatures are often
hi gher in forestlands than in agricul tural |ands.

4. Systens can be devel oped on steeper grades in the
forest as conpared to agricultural sites.

The principal limtations to the use of wastewater for
forested SR systens are:

1. Water needs and tol erances of sone existing trees
may be | ow.
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2. Ni trogen renmovals are relatively |ow unl ess young,
devel opi ng forests are used or conditions conducive
to denitrification are present.

3. Fi xed sprinklers, which are expensive, are usually
necessary.

4. Forest soils may be rocky or very shall ow

1.4.2 Tr eat nent Perf or mance

The SR process is capable of producing the highest degree of
wastewater treatnent of all the land treatnent systenms. The
quality values shown in Table 1-3 can be expected for nobst
wel | - desi gned and wel | - oper ated syst ens.

Organics are reduced substantially by SR land treatnent
within the top 1 to 2 cm (0.4 to 0.8 in.) of soil.
Filtration and adsorption are the initial steps in BOD
renmoval , but biological oxidation is the ultimte treatnent
mechani sm Filtration is the major renoval nechanism for
suspended solids. Residues remaining after oxidation and the
inert solids becone part of the soil matrix.

Nitrogen is renoved primarily by crop uptake, which varies
with the type of crop grown and the crop yield. To renove
the nitrogen effectively, the crop nust be harvested.
Denitrification can also be significant, even if the soil is
in an aerobic condition nost of the tine. Q her nitrogen
renoval nechani sns i nclude amoni a vol atilization and storage
in the soil.

Phosphorus is renmoved fromsolution by fixation processes in
the soil, such as adsorption and chem cal precipitation.
Renoval efficiencies are generally very high for SR systens
and are nore dependent on the soil properties than on the
concentration of the phosphorus applied. Residual phosphorus
concentrations in the percolate will generally be |less than
0.1 ng/L [11]. A small but significant portion of the
phosphorus applied is taken up and renoved with the crop.

1.5 Rapid Infiltration Process

In Rl land treatnent, nost of the applied wastewater per-
colates through the soil, and the treated effluent drains
naturally to surface waters or joins the ground water. The
wast ewater is applied to noderately and highly perneable
soils (such as sands and | oany sands), by spreading in basins
or by sprinkling, and is treated as it travels through the
soil matrix. Vegetation is not usually planned, but there
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are sone exceptions, and energence of weeds and grasses
usual | y does not cause probl ens.

The schematic view in Figure 1-2(a) shows the typical
hydraulic pathway for rapid infiltration. A much greater
portion of the applied wastewater percolates to the ground
water than with SR |and treatnent. There is little or no
consunptive use by plants. Evaporation ranges from about 0.6
infyr (2 ft/yr) for cool regions to 2 in/yr (6 ft/yr) for hot
arid regions. This is usually a small percentage of the
hydraul i ¢ | oadi ng rates.

I n many cases, recovery of renovated water is an integra
part of the system This can be acconplished using under-
drains or wells, as shown in Figure 1-2(b). 1In sone cases,
the water drains naturally to an adjacent surface water
(Figure 1-2(c)). Such systens can provide a higher |evel of
treatnment than nost nechanical systens discharging to the
sanme surface water

1.5.1 Process (bjectives

The objective of RI is wastewater treatnment. Uses for the
treated water can include:

1. G ound wat er recharge

2. Recovery of renovated water by wells or underdrains
w th subsequent reuse or discharge

3. Recharge of surface streanms by interception of
ground wat er

4. Tenmporary storage of renovated water in the aquifer

If ground water quality is being degraded by saltwater
intrusion, ground water recharge by RI can help to create a
barrier and protect the existing fresh ground water. In nmany
cases, the mmjor treatnent goal is conversion of ammonia
nitrogen to nitrate nitrogen prior to discharge to surface
waters. The RI process offers a cost-effective nethod for
achieving this goal with recovery or recharge as described in
items 2 and 3 above. Return of the renovated water to the
surface by wells, underdrains, or ground water interception
may be necessary or advantageous when discharge to a
particul ar surface water body is controlled by water rights,
or when existing ground water quality is not conpatible with
expected renovated water quality. At Phoenix, Arizona, for
exanpl e, renovated water is being withdrawn by wells to allow
reuse of the water for irrigation.
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APPLIED
WASTEWATER

EVAPORATION

PERCOLATION

(a) HYDRAULIC PATHWAY

FLOODING BASINS RECOYERED WATER

L)
PERCOLATION
(UNSATURATED ZONE)

GROUND WATER

UNDERDRAINS WELLS

(b) RECOVERY PATHWAYS

FLOODING BASIN

(c) NATURAL DRAINAGE INTO SURFACE WATERS

FIGURE 1-2 |
RAPID INFILTRATION HYDRAULIC PATHWAYS
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1.5.2 Tr eat nent Perf or mance

Renoval s of wastewater constituents by the filtering and
straining action of the soil are excellent. Suspended
solids, BOD, and fecal <coliforns are alnobst conpletely
renoved

Nitrification of the applied wastewater is essentially com
pl ete when appropriate hydraulic |oading cycles are used.
Thus, for communities that have ammonia standards in their
di scharge requirenents, Rl can provide an effective way to
meet such standards.

CGenerally, nitrogen renoval averages 50% unless specific
operating procedures are established to nmaximze denitrifi-
cation. These procedures include optimzing the application
cycle, recycling the portions of the renovated water that
contain hi gh nitrate concentrations, reduci ng t he
infiltration rate, and supplying an additional carbon source.
Using these procedures in soil colum studies, average
nitrogen renovals of 80% have been achieved. Ni t rogen
removal by denitrification can be significant if the
hydraulic loading rate is at the md range or below the
values in Table 1-1 and the DOD to nitrogen ratio is 3 or
nor e.

Phosphorus renovals can range from 70 to 99% dependi ng on
t he physical and chem cal characteristics of the soil. As
with SR systens, the primary renoval nmechanismis adsorption
wi th some chem cal precipitation, so the |l ong-term capacity
is limted by the mass and the characteristics of soil in
contact with the wastewater. Renovals are related also to
the residence tine of the wastewater in the soil, the travel
di stance, and other climatic and operating conditions.

1.6 Overland Fl ow Process

In OF land treatnent, wastewater is applied at the upper
reaches of grass covered slopes and allowed to flow over the
vegetated surface to runoff collection ditches. The OF
process is best suited to sites having rel atively inperneable
soils. However, the process has been used with success on
noderately perneable soils wth relatively inperneable
subsoils. The wastewater is renovated by physical, chem cal
and biological neans as it flows in a thin film down the
l ength of the slope. A schematic view of OF treatnent is
shown in Figure 1-3(a), and a pictorial view of a typica
systemis shown in Figure 1-3(b). As shown in Figure 1-3(a),
there is relatively little percolation involved either
because of an inperneable soil or a subsurface barrier to
percol ati on.
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Interest by nunicipalities and desi gn engi neers has spurred
research and denonstration projects in South Carolina, New
Hanmpshire, M ssissippi, Olahoma, Illinois, and California.
Col d- weat her operation has been denonstrated through several
wi nters at Hanover, New Hanpshire. Rational design equations
have been devel oped based on research at Hanover and at
Davis, California.

1.6.1 Process (bjectives
The objectives of OF are wastewater treatnent and, to a m nor
extent, crop production. Treatment objectives may be
ei ther:

1. To achieve secondary effluent quality when applying
screened raw wastewater, primary effluent, or
treatment pond effl uent.

2. To achieve high levels of nitrogen, BOD, and SS
removal s.

Treated water is collected at the toe of the OF sl opes and
can be either reused or discharged to surface water. Over-
land flow can also be wused for the preservation of
greenbel t s.

1.6.2 Tr eat nent Perf or mance

Bi ol ogi cal oxidation, sedinmentation, and filtration are the
primary renoval nechani sns for organi cs and suspended solids.

Nitrogen renobvals are a conbination of plant uptake,
denitrification, and volatilization of ammonia nitrogen. The
dom nant mechanismin a particular situation will depend on
the forms of nitrogen present in the wastewater, the anount
of carbon available, the tenperature, and the rates and
schedul es of wastewater application. Per manent nitrogen
removal by the plants is only possible if the crop is har-
vested and renoved fromthe field. Ammonia volatilization
can be significant if the pH of the wastewater is above 7.
N trogen renoval s usually range from75 to 90%with the form
of runoff nitrogen dependent on tenperature and on
application rates and schedule. Less renoval of nitrate and
amoni um may occur during cold weather as a result of reduced
bi ol ogi cal activity and Iimted plant uptake.

Phosphorus is renmoved by adsorption and precipitation in
essentially the same manner as with the SR and R nethods.
Treatnment efficiencies are sonewhat |imted because of the
limted contact between the wastewater and the adsorption
sites within the soil. Phosphorus renoval s usually range
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from50 to 70% on a nass basis. |Increased renovals may be
obt ai ned by adding alumor ferric chloride to the wastewater
just prior to application on the slope.

1.7 Conbination Systens

In areas where effluent quality nust be very good, or where
a high degree of treatnment reliability nust be maintained,
conbi nations of land treatnent processes may be desirable.
For exanple, either an SR R, or a wetlands treatnment system
could follow an OF systemand would result in better overal
treatnment than the OF alone. In particular, these
conbi nations could be used to i nprove BOD, suspended solids,
ni trogen, and phosphorus renovals.

Simlarly, OF could be used prior to RI to reduce nitrogen
levels to acceptable |evels. This conbination was
denmonstrated successfully in a pilot scale study at Ada,
Okl ahoma, using screened raw wastewater for the OF portion
[12]

Rapid infiltration may also precede SR | and treatnent. I n
this conbination, renovated water quality followwing R is
expected to be high enough that even the nost restrictive
requirenents regarding the use of renovated water on food
crops can be nmet. Al so, the ground water aquifer can be used
to store renovated water to correspond with crop irrigation
schedul es. Some  of these conbinations are shown
schematically in Figure 1-4.

1.8 CCuide to Intended Use of the Manual

This manual is organized simlarly to the original 1977
edition except that the design exanples are included as
appendi xes. Conmpl etely new features in this manual are
chapters on energy, and health and environnental effects.

Chapters 2 through 6 follow, in sequence, a |ogical procedure
for planning and design of land treatnent systens. The
procedure commences (Chapter 2) with screening of the entire
study area to identify potential land treatnent sites. The
Phase 1 planning is based on existing information and data on
| and use, water rights, topography, soils, and geohydrol ogy.
If potentially suitable sites exist, the Phase 2 pl anning
then involves detailed site investigations (Chapter 3) to
determne process suitability and prelimnary design criteria
(Chapters 4, 5, and 6).

Process selection for a particular situation is influenced by
health and environnental issues (Chapter 9) and by energy
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needs (Chapter 8). Thus, Phase 2 planning requires the use
of all the technical chapters in the manual

Small comunities (up to 3,500 population) do not usually
need the sane |evel of planning and investigation that is
essential for large systens. Nor do they always need the
| evel of sophistication that is normally provided, in terns
of equi pnent and nmanagenent procedures, for |large systens.

Procedures and shortcuts that are unique to small |and
treatnment systens are described in Chapter 7. Typi cal
exanples are included to illustrate the level of effort

needed in field work and design.

The final design of a land treatnent system needs only to
draw on the pertinent chapter (4, 5, or 6) for the intended
process. Sone additional field investigation (Chapter 3) nmay
be necessary to optim ze hydraulic |oading rates and ensure
proper subsurface flow conditions. The design chapters do
not present conplete detail on the hardware (i.e., punps,
pi pe materials, sprinkler rigs, etc.) involved. O her
sources wll be needed for these design details. The cost
information in reference [I] or in the CAPDET program is
suitable for planning, conparison of alternatives, and
prelimnary design only. The final construction cost
estimate should be derived in the conventional way (by
materi al take-off, etc.) fromthe final plans.

Appendi xes A, B, and C provi de design exanples of SR R, and
OF and are intended to denonstrate the design procedure.
Ener gy budgets and costs are provided along with the process
desi gn. Appendix D contains a representative |ist of
currently operating mnunicipal (also federal governnent and
sel ected industrial) land treatnment systens in the United
St at es.

Appendix E provides information on designing irrigation
systens for SR facilities. The level of detail in this
appendix is sufficient to develop prelimnary |ayouts and
sizing for distribution system conponents. Appendix F con-
tains a list of communities for which the EPA prograns that
determ ne storage requirenents based on climte (Section
4.6.2) have been run. The final appendix, G provides a
gl ossary of terns and conversion factors fromnetric to U. S.
customary units for all figures and tables.

The design approach for land treatnment has been essentially
enpirical, 1i.e., observation of successful perfornmance
followed by derivation of «criteria and nmathenatica
expressions that describe overall performance. Essentially
t he sanme approach was used to develop design criteria for
activated sludge and other biological treatnment processes.
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The physical, chemcal, and biological reactions and
interactions occurring in all treatnment processes are quite
conplex and are difficult to define mathematically. Such

definition is still evolving for activated sludge as well as
land treatnment. As a result, the design procedures presented
in this nmanual are still conservative and are based on

successful operating experience.

More rational design procedures however, are becom ng
avail able (see Section 6.11). In addition, there are
mat hemat i cal nodel s avail able that may be used to eval uate
the response to a particular constituent (nitrogen

phosphorus, etc.) or used in conbination to describe the
entire system performance. A brief summary of nodels that
are currently available is included in reference [13] . A
nmore detailed discussion of specific nodels for |and
treatment can be found in reference [14]
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